Introduction
There are 102 extant species of fiddler crabs (Ocypodidae: genus Uca) in the world (Crane 1975; Rosenberg 2001; Beinlich & von Hagen 2006; Ng et al. 2008; Landstorfer & Schubart 2010; Naderloo et al. 2010; Shih et al. 2010 Shih et al. , 2012 Shih et al. , 2013a . The 44 Indo-West Pacific (IWP) species belong to six subgenera, including the narrow-fronted Australuca Crane, 1975 , Gelasimus Latreille, 1817 , and Tubuca Bott, 1973 , and the broad-fronted Austruca Bott, 1973 , Cranuca Beinlich & von Hagen, 2006 , and Paraleptuca Bott, 1973 (see Crane 1975 Shih et al. 2013b) . Among them, the subgenus Tubuca, composed of 14 species, is a group with the highest species diversity (see Ng et al. 2008 ). Crane's (1975) monograph of Uca is a landmark publication for ocypodid researchers, with major updates by Rosenberg (2001) and Beinlinch & von Hagen (2006) . One taxon, which Crane regarded as "elusive" is Uca formosensis Rathbun, 1921 , a species endemic to Taiwan, with only less than a dozen preserved specimens at the time of her study. She had tried to collect specimens in Danshuei (= Tamsui) in northwestern Taiwan during late April to May 1963 (Crane 1975; Sakai 1981) , but was unsuccessful, probably because the habitat of this locality has substantially changed since the 1950s with a dense growth of mangroves now dominating (Shih 1997) . She places U. formosensis in the subgenus Thalassuca Crane, 1975 (= Gelasimus Latreille, 1817 , with other two species, U. tetragonon and U. vocans (with six subspecies). After examining more specimens from various localities in Taiwan, Shih et al. (1999) suggested the morphology of U. formosensis was closer to members of the subgenus Tubuca Bott, 1973 (= Deltuca Crane, 1975 . The ecology and behavior of U. formosensis are nevertheless peculiar compared to other IWP narrow-fronted species. Its preferred habitat is in the high intertidal mudflat with clay sediment, and is only immersed by the high tide during spring tide; in addition, the male builds a tall chimney (mean height 9.2 cm) for underground mating during the neap tide . Other Tubuca species however generally inhabit in the wet areas between low and middle intertidal zones (Crane 1975) . Although some species construct chimneys around burrow entrance, the builder is of either sex or at least the determined by the effective sample size (ESS) (>200 as recommended) in Tracer (v. 1.5, Rambaut & Drummond 2009) and the first 1000 trees were discarded as the burnin (determined by the average standard deviation of split frequency values below the recommended 0.01; Ronquist et al. 2005) . The maximum likelihood analysis was conducted in GARLI (v. 2.0, Zwickl 2006) , with 10 replicate searches (searchreps = 10) and 100 bootstraps (bootstrapreps = 100). The consensus tree from GARLI output was computed using PAUP* program to assess node supports. FIGURE 1. Updated distributional records of Uca formosensis of Shih et al. (1999) . Black squares ( ) (and gray area) and place names in boldface represent habitats with substantial number of individuals; empty squares ( ) and place names in normal font represent habitats with none or few individuals, although the species was formerly recorded from these locations. Crane, 1975: 75 (part) ; Rosenberg 2001: 840, 848, 851 (part) . Tubuca Bott, 1973: 322 (part) . Uca (Tubuca)- Beinlich & von Hagen 2006: 10, 14, 15, 25 (part) ; Ng et al. 2008: 241 (part) .
Type species. Uca formosensis Rathbun, 1921 , by present designation.
Etymology. From the Greek xeros for "dry," for the high intertidal habitat of the type species, in arbitrary combination with the genus name Uca. Gender feminine.
Diagnosis. Carapace highly arched, branchial chambers strongly tumid; front narrow; anterolateral angles acute, produced forwards (Figs. 2A, C, 3A, 4A). Male with anterolateral margins long, strongly developed, almost straight; turning at an angle to join convergent, distinct, dorsolateral margins (Figs. 2A, C, 3A, 4A); female with anterolateral, dorsolateral margins strongly beaded, with definite boss or tuberculate swelling on carapace behind dorsolateral margin (Fig. 2E) .
Suborbital crenellations rolled out in male, becoming minute or absent along outer angle; suborbital crenellations erect in female, becoming strong, truncate, separated, larger towards antero-external angle ( Fig. 2B ; Shih et al. 1999: fig. 1E , F). Orbital floor with mound, pile in female, none in male; suborbital region, upper pterygostomian regions naked in male, setose in female (Shih et al. 1999: fig. 1E , F). Male without pleonal clasping apparatus in sterno-abdominal cavity.
Major cheliped with fingers laterally flattened, smooth; lower margin of pollex, upper margin of dactylus almost straight, not arched; cutting margins with distal half almost straight, without depression or enlarged teeth; proximal half with shallow elliptical space; furrows on external surface of fingers very faint or absent; outer surface of manus with low, well-separated tubercles (Figs. 2A, D, 3B, 5A). Male handedness 1:1. Minor cheliped with fingers longer than manus, gape narrow, female with enlarged teeth in middle of gape (Fig. 2F) , male without teeth in gape (Fig. 2G) . Meri of second, third ambulatory legs moderately wide, dorsal margin of first, fourth meri almost straight in male (Figs. 2A, C, 3A) ; dorsal margin of meri of ambulatory legs slightly convex in female (Shih et al. 1999: fig. 1B-D) .
G1 with pore moderately large; anterior flange very narrow, distal tip tapering, beyond the tip of inner process; posterior flange broad, slightly curved, much wider than pore; inner process long, broad, thick, bent forwards at right angles; thumb moderate length, not reaching base of flange (Fig. 6 ). Female gonopore in shallow sternal depression, rimmed along postero-external quarter but not tuberculate (Shih et al. 1999: fig. 3E, F) .
Urocardiac ossicles of gastric mill simple, median tooth with 2 pairs of similar transverse ridges, separated by gaps reached deeply near central ridge, on posterior tooth plate. 2 to 3 lower, weak pairs of cusps on stem region; stem region with widen middle part (Fig. 7) .
Remarks. The carapace of Xeruca subgen. nov. (Fig. 4A ) features a highly arched and quadrate shape, with long and straight anterolateral margins and well-marked dorsolateral margins. Its carapace is similar to that of Australuca species (Fig. 4B-D Another character of Xeruca is having a major cheliped with straight cutting margins (i.e. the pollex's lower and dactylus's upper margins) more than half the length of the fingers, and the gape less than half the length of the fingers (Fig. 5A) . This character is different from most other species with "forceps-like" fingers (cf. Crane 1975: figs. 38-41) . Some subgenera however have such "scissor-like" fingers, but the distal cutting margins of the fingers are less than half the length of the fingers, and are slightly curved in most species, e.g. U. (Australuca) longidigitum (Kingsley, 1880) (Fig. 5B ), U. (Australuca) bellator (White, 1847) (Fig. 5C ), U. (Uca) princeps (Smith, 1870) (Fig. 5D) , and U. (Afruca) tangeri (Eydoux, 1835) (Crane 1975: fig. 45, pl. 18 ). Some species of the subgenus Uca have conspicuous depth of the dactylus and pollex of the major cheliped, with longer and straight distal cutting margins in some individuals, e.g. U. (Uca) insignis (Milne-Edwards, 1852) (Bott 1954: pl. 14 (1)), U. (Uca) maracoani (Crane 1975: pl. 21A-D) , U. (Uca) monilifera (Crane 1975: pl. 18E-H) , and U. (Uca) ornata (Crane 1975: pl. 21E-H) . However, because the character of the deep fingers is peculiar, they can be easily separated from Xeruca and other species of fiddler crabs.
The handedness of Xeruca is close to a 1:1 ratio (Shih et al. 1999) , which is consistent with the ratio of most species, but different from the mostly right-handed Gelasimus (Barnwell 1982; Yamaguchi 1994) . The gastric mill (especially the urocardiac ossicles) had recently become an important character in crab systematics, from familial to specific levels (Yang 1986; Beinlich & von Hagen 2006; Sakai et al. 2006; Allardyce & Linton 2010; Naderloo et al. 2010) . The urocardiac ossicles of Xeruca are of the simple form, i.e. fewer transverse ridges of median teeth, especially those on the posterior tooth plate (Fig. 7) . There are two transverse ridges of median teeth on the tooth plate, with additional weak and lower 2 to 3 cusps on the stem region, although this is not discernible on smaller individuals (e.g. CW 14.6 mm; Fig. 7C ). Both subgenera Afruca and Uca are also characterized by possessing two transverse ridges of median teeth on the tooth plate ( Fig. 8A, B ; Franklin Barnwell, personal communication) . The number of transverse ridges on the tooth plate is variable for other subgenera (Naderloo et al. 2010; unpublished data) , but some species that also have similar simple forms, e.g., U. (Tubuca) acuta (Stimpson, 1858) (Fig. 8C ) and U. (Austruca) lactea (De Haan, 1835) (Fig. 8D) . However, Xeruca can be distinguished from others by different shapes of ridges and the gaps not reaching to the central ridge, as well as variable numbers and shapes of cusps or transverse ridges on the stem region.
Although Crane (1975) placed U. formosensis under the same subgenus together with U. tetragonon and the U. vocans species complex, their urocardiac ossicles are totally different. Species of the subgenus Gelasimus have a unique setal structure on the lateral margins of the posterior stem region, with 4 to 5 transverse ridges on the tooth plate (e.g., U. (Gelasimus) tetragonon, Fig. 4E ; U. (G.) vocans (Linnaeus, 1758), Fig. 4F ; unpublished data), which are not seen in Xeruca (Fig. 7) .
The G1 of Xeruca (Fig. 6 ) is similar to that of U. (Gelasimus) tetragonon and some members of Tubuca (e.g. U. (Tubuca) arcuata and the U. (Tubuca) dussumieri species complex) (Crane 1975: figs. 61, 63A, B), but can be separated by the broad and thickened inner process, bent obliquely forward at right angles in Xeruca ( Fig. 6 DNA analyses and discussion. A 578 bp segment of the 16S, 658 bp segment of COI and 633 bp segment of 28S from 26 species of fiddler crabs were amplified and aligned ( Table 1 ). The phylogenetic tree of the combined markers was reconstructed from Bayesian inference analysis, with the support values from the maximum likelihood analysis (Fig. 9) . It is clear that most subgenera (including Xeruca subgen. nov.) are highly supported by both methods. Xeruca is sister to Tubuca and Australuca. While Australuca is monophyletic, Tubuca becomes parapheletic. The "Tubuca + Australuca" clade, however, has high support. Gelasimus is sister to Cranuca, at least highly supported by Bayesian inference method. The clade of Austruca is monophyletic, has a high support value by Bayesian inference, with medium support by maximum likelihood. The American subgenus Uca is closely related to Afruca from eastern Atlantic.
After Crane (1975) , the systematics of fiddler crabs has been revised by Rosenberg (2001) and Beinlich & von Hagen (2006) , with the IWP broad-fronted groups studied by Shih et al. (2009a Shih et al. ( , 2013b and Naderloo et al. (2010) . Uca formosensis was established by Rathbun (1921) , but only less than a dozen museum specimens could be examined until the 1980s (Crane 1975: 83; Barnwell 1982 ) and Crane mentioned it as an "elusive species." Shih et al. (1999) revised and updated the taxonomy and morphology of the species, as well as adding ecological information after finding its preferred habitat, and examined more than 400 specimens. They suggested this species is closer to Uca (Tubuca), instead of the original designation under Uca (Thalassuca) Crane, 1975 (= Uca (Gelasimus) Bott, 1973) , but notes the need for more evidence to confirm the status. Rosenberg's (2001) detailed morphological analyses on fiddler crabs also found that U. formosensis does not clearly belong to any of the known subgenera, although closer to Tubuca and Australuca. 9 . A Bayesian inference (BI) tree of Xeruca subgen. nov. and other related subgenera, based on the combined 16S rDNA, cytochrome oxidase subunit I genes (COI) and 28S rDNA. See Table 1 for details of the specimens. Probability values at the nodes represent support values for BI and maximum likelihood (ML).
The new subgenus of Xeruca is established herein for Uca formosensis based on a suite of morphological characters, including carapace, major chela, handedness, G1 and gastric mill, which are supported by the phylogenetic analyses using mitochondrial and nuclear markers. Previous studies on the morphology showed that U. formosensis is closer to Tubuca and Australuca (Shih et al. 1999; Rosenberg 2001) , which is also revealed by the molecular evidence (Fig. 9) . Xeruca can be easily separated from Tubuca by the carapace shape (Fig. 4) and the fingers of the chela (Fig. 5) . Although Xeruca is more similar to Australuca, the latter can be distinguished by its smaller adult size, relatively shorter dorsolateral margins, and the possession of a longer gape between the closed fingers of the adult major chela (Figs. 4, 5) .
The molecular evidence (Fig. 9) shows that the subgenera Tubuca and Australuca form an unresolved clade in conflict with the present taxonomy based on morphological characters (Crane 1975; Rosenberg 2001) , although the Australuca species belong to their own clade. It is likely that Australuca Crane, 1975 , is a synonym of Tubuca Bott, 1973 . Further studies that include more species into the analysis may clarify the problem.
The morphology of gastric mills is related to different functions of feeding and seems unsuitable for phylogenetic study. This may be true for the lateral gastric teeth, but not for the foregut ossicles (Brösing & Türkay 2011) , which has been reflected by other studies: e.g. Yang (1986) on various crabs, especially Macrophthamidae; Sakai et al. (2006) on the species of the Helice and Chasmagnathus complex; Brösing (2010) on several brachyuran families; and Naderloo et al. (2010) on the Uca lactea species complex. Based on the systematic study of the morphology of the gastric mills of IWP Uca species (in preparation), some groups have unique characters and could be used for the systematics of fiddler crabs. As mentioned above, there are several consistent characters for each of the following subgenera: Gelasimus, Uca, and Afruca (Fig. 8) .
Uca formosensis was published in 1921, however, its systematic position was uncertain, either in Uca (Gelasimus) (Crane 1975) or Uca (Tubuca) (Shih et al. 1999) . The morphological analyses by Rosenberg (2001) have shown this species is substantially different from other species and should be placed in its own subgenus. According to the evidence of morphology and DNA sequences of this study, as well as the peculiar ecology and reproduction behavior , the establishment of a new subgenus Xeruca is appropriate to solve the uncertain position of this species. The monotypic Xeruca becomes a subgenus with the narrowest distribution among the known subgenera of fiddler crabs. Its distribution restricted to Taiwan and the offshore Penghu Islands also implies the cladogenesis of this subgenus is related with the geological history of Taiwan Island during early Pliocene (reviewed by Shih et al. 2006 Shih et al. , 2009b Shih et al. , 2011 and more studies are necessary to clarify it. Shih et al. (1999) have suggested this species to be included in the list of protected species of the Wildlife Conservation Law, R.O.C., because several habitats have been destroyed by industrial development, illegal fishing ponds, and mangrove overgrowth ( Fig. 1; Shih et al. 1999) . However, this species has not be considered as a protected species yet, although some populations of U. formosensis have been under different pressures, e. g. the Penghu population has become extinct in 2008 after the inappropriate replanting of introduced mangroves for about 15 years; and an unthoughtful ecological engineering on the habitat of Shengang, Changhua in 2006 nearly exterminated the local population (Shih 2008a, b) . The conservation policy and management for U. formosensis have to be reconsidered by government of Taiwan, because it is not only an endemic species to Taiwan, but also an endemic subgenus of fiddler crabs.
